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Foreword
	

Starting in Fiscal Year 2007, the U.S. Environmental Protection Agency’s (EPA) Office of 
Research and Development (ORD) has been supporting a new research program to generate the 
science and engineering to improve and evaluate promising innovative technologies and 
techniques to reduce the cost and improve the effectiveness of operation, maintenance, and 
replacement of aging and failing drinking water and wastewater treatment and conveyance 
systems. This research program directly supports the Agency’s Sustainable Water Infrastructure 
Initiative (www.epa.gov/waterinfrastructure). 

The outputs from this program will assist EPA’s program and regional offices, states and tribes 
to meet their programmatic requirements and utilities to more effectively implement 
comprehensive asset management, provide reliable service to their customers, and meet their 
Clean Water Act and Safe Drinking Water Act requirements.  

The plan proposes, in part, work relating to demonstration and verification of condition 
assessment, system rehabilitation, advanced concepts and innovative treatment technologies. 
Proposed activities to be conducted as part of this task order address the field verification of 
condition assessment and rehabilitation technologies for drinking water distribution systems and 
wastewater collection systems. 

Condition assessment encompasses the collection of data and information through direct 
inspection, observation and investigation and in-direct monitoring and reporting (soil conditions 
and historical data), and the analysis of the data and information to make a determination of the 
structural, operational and performance status of capital infrastructure assets. Research issues in 
this area relate to the collection of reliable data and information and the ability of utilities to 
make technically sound judgments as to the condition of their assets. Condition assessment also 
includes the practice of failure analysis which seeks to determine the causes of infrastructure 
failures in order to prevent future failures. 

System rehabilitation is the application of infrastructure repair, renewal and replacement 
technologies in an effort to return functionality to a drinking water or wastewater system or sub-
system. The decision-making process for determining the proper balance of repair, renewal and 
replacement is a function of the condition assessment, the life-cycle cost of the various 
rehabilitation options, and the related risk reductions.  
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Glossary of Terms
	

Accuracy—A measure of the closeness of an individual measurement or the average of a 
number of measurements to the true value and includes random error and systematic error. 

Batch—The number of samples analyzed during a period in which an instrument was operated 
continuously. 

Bias—The systematic or persistent distortion of a measurement process that causes errors in one 
direction. 

Comparability—A qualitative term that expresses confidence that two data sets can contribute 
to a common analysis and interpolation. 

Completeness—A qualitative term that expresses confidence that all necessary data have been 
included. 

Precision—A measure of the agreement between replicate measurements of the same property 
made under similar conditions. 

Representativeness—A measure of the degree to which data accurately and precisely reflect a 
characteristic of a population parameter at a sampling point, or for a process or environmental 
condition. 

Room Temperature—23ºC ±2ºC, and relative humidity of 50% ±5%. This definition of room 
temperature shall be used for all testing even if a referenced SOP or standard defines the term 
differently. 

Standard Operating Procedure—A written document containing specific procedures and 
protocols to ensure that quality assurance requirements are maintained. 

STREAMS – The Scientific, Technical, Research, Engineering and Modeling Support 
(STREAMS) contract by the U.S. Environmental Protection Agency's Office of Research and 
Development (ORD). 

Technology Panel—A group of individuals with expertise and knowledge in grouts. 

Test Plan—A written document that describes the procedures for conducting an evaluation for 
the application of a grout material; the quality assurance project plan is an important part of the 
test plan. 

Test/Quality Assurance  Plan—A written document that describes the implementation of 
quality assurance and quality control activities during the life cycle of the project. 

Verification—To establish the evidence on the performance of grouts under specific conditions, 
following a predetermined test plan. 
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Verification Report—A written document containing all raw and analyzed data, all QA/QC 
data sheets, descriptions of all collected data, a detailed description of all procedures and 
methods used in the verification testing, and all QA/QC results. The test plan shall be included as 
part of this document. 

Verification Statement—A document that summarizes the verification report reviewed and 
approve by the Verification Organization and EPA. 
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1 INTRODUCTION 

1.1 Background (University of Houston Study) 

University o f Houston ( UH)/CIGMAT resea rchers have been investiga ting the perfor mance of 
various grouts for control of leaks and repair of cracked concrete in wastewater facilities for over 
two decades.  The CIGMAT studies have been focused on (1) testing and characterizing the flow 
properties and setting tim e of  ce ment and polym er grouts (2 ) grouted sand behavior under 
various chem ical exposure and (3) bonding strength of concrete repairing grout m aterials.  
CIGMAT researchers at the Univers ity of Houst on have been investigating the perform ance of 
various grouting materials used in wastewater facilities and sand stabilization since 1985. 

1.2 Technical Approach 

The overall objective of  this tes t plan is to deve lop a testing program  to systematically evaluate 
grouts for controlling infiltration to wastewater systems and leaks in concrete structures. Specific 
test plan objectives are to:  

•	 Evaluate properties (working, physical, m echanical, durability, and leaching) of grouts 
and grouted sands; 

•	 Characterize the bonding properties of the grout-substrate interaction; and 
•	 Verify the performance of grouted joints unde r hydrostatic pressure up to 5 psi (about 10 

feet of water) and wet/dry cycles over a period of three months.  

Testing will use relevant ASTM a nd CIGMAT st andards. A total of 4 different tests will 
characterize the g routs (Table 3-1 ), and severa l addition al tests  will evalu ate g routed sand 
specimens (Table 3-2). Model tes t will be used  to evaluate  grout ef fectiveness for lateral leak 
control configuration. All CIGMAT standard methods referenced herein are included in 
Appendix A. 

1.3 Test Plan Schedule and Milestones 

The tests described herein will be completed within six months from the start date.  The data will 
be com piled and summ arized in a report to RT I Inte rnational within two months of  the 
conclusion of testing.  CIGMAT will meet the following approximate schedule: 

Activity Months after Project Initiation 
Submit draft test plans to RTI and NSF 1 
Approve test plans 2 
Initiate testing 3 
Complete testing 9 
Submit draft report, with data to RTI and 
NSF 11 

Address comments, complete final report 13 
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1.4 Roles and Responsibilities 

This section defines the partic ipants in this technology ve rification and their roles and 
responsibilities. 

1.4.1 Verification Organization (RTI International and NSF International) 

•	 Coordinate with CIGMAT, the Testing Or ganization, and the Vendor to prepare and 
approve a product-specific test plan using this generic test plan as a template and meeting 
all testing requirements included herein; 

•	 Coordinate with the ET V Grouting Technical Panel, as needed, to review the product-
specific test plan prior to the initiation of verification testing; 

•	 Coordinate with the EPA Water Quality Protection Center Project Officer to app rove the 
product-specific test plan prior to the initiation of verification testing; 

•	 Review the  quality sys tems of  the tes ting organization and subs equently, qualify the 
testing organization; 

•	 Oversee the grouts evaluations and associated laboratory testing; 
•	 Review data generated during verification testing; 
•	 Oversee the development of a verification report and verification statement; 
•	 Print and distribute the verification report and verification statement; and 
•	 Provide quality assurance oversight at all stages of the verification process. 

Primary contacts: Mr. Rick Marinshaw
 RTI International 

3040 Cornwallis Road 
Research Triangle Park, NC 27709 
Phone: 919-316-3735 
Em ail: rjmarinshaw@rti.org 

Mr. Thomas Stevens 

NSF International 

789 North Dixboro Road 

Ann Arbor, MI 48105 

Phone: 734-769-5347 

Em ail: stevenst@nsf.org
	

1.4.2 U.S. Environmental Protection Agency (EPA) 

This test plan has been devel oped with financial and quality a ssurance assistance from  the US 
EPA through a STREAMS contract, and through the ETV and WQPC Programs, all of which are 
overseen by the EPA’s Office of Research and Development (ORD), National Risk Management 
Research Laboratory – Urban Watershed Management Branch (NRMRL-UWMB) in Edison, NJ.  
The NRMRL-UW MB Quality Ass urance Man ager and th e EPASTREAMS/W QPC Project 
Officer will provide adm inistrative, technical, and qua lity assurance guidance and oversight on 
all STREAMS and ETV W QPC activ ities, an d w ill revie w and approve each p hase of th e 
verification project. The primary responsibilities of EPA personnel are to: 
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•	 Review and approve test plans, including the test/quality assurance plans (T/QAPs); 
•	 Sign the test plan signoff sheet; 
•	 Review and approve the verification report and verification statement; and 
•	 Post the verification report and verification statement on the EPA ETV website. 

Primary contact: Mr. Ray Frederick 
U.S. Environmental Protection Agency, NRMRL 

Project Officer, Water Quality Protection Center


 2890 	 Woodbridge Ave. (MS-104) 

Edison, New Jersey 08837 

Phone: 732-321-6627 

Email:  frederick.ray@epamail.epa.gov
	

1.4.3 Technology Panel 

A Technology Panel was form ed to assist with the review of the grouting te st plan.  Input from 
the panel ensures that data generated during verifi cation testing are relevant  and that the m ethod 
of evaluating different technologies  is fair and consistent.  All product-specific grout test plans 
will be approved by the WQPC Program Manager, the WQPC Project Officer, and the vendor. 

1.4.4 Testing Organization (CIGMAT Laboratories at UH) 

The Testing Organization for verifications conducted under th is test plan is CIGMAT 
Laboratories at the University  of Houston. The prim ary re sponsibilities of  the Testing 
Organization are: 

•	 Coordinate with the Verification Organiza tion and Vendor relative to preparing and 
finalizing the product-specific Test Plan; 

•	 Sign the test plan signoff sheet; 
•	 Conduct the technology verificatio n in accordance with the Te st Plan, w ith oversight by 

the Verification Organization; 
•	 Analyze all sam ples collected during the tec hnology verification process, in accordance 

with the procedures outlined in the Test Plan and referenced SOPs; 
•	 Coordinate with and report to the Veri fication Organization during the technology 

verification process; 
•	 Provide analytical results of the technology ve rification to the Veri fication Organization; 

and 
•	 If necessary, docum ent changes in plans for testing and analysis, and notify the 

Verification Organization of any and all such changes before changes are executed. 

CIGMAT supports faculty, research fellows, resear ch assistants and technicians.  The CIGMAT 
personnel will work in-groups to complete the tests described in this tes t plan.  All the personnel 
report to the Group Leader and the CIGMAT Director.  The CIGMAT Director is responsible for 
appointing Group Leaders, who, with  his approval, are responsible  for drawing up the schedule 
for testing. Additionally , a Quality Assurance (QA) Engineer, who is independent of the testing 
program, will be responsible for internal audits. 
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Primary contact: Dr. C. Vipulanandan 
University of Houston, CIGMAT 
4800 Calhoun 
Houston, Texas 77204 
Phone: 713-743-4278 
Em ail: cvipulanandan@uh.edu 

1.4.5 Vendor (Avanti International) 

• Provide the Testing Organization (TO) with pre-grout samples for verification; 
• Complete a product data sheet prior to testing.  (Refer to Appendix B); 
• Apply grout, as described in this test plan, for the model tests; and 
• Provide technical assistance to the TO during verification testing period as requested. 

Primary contact: Mr. Frank Aguilar 
Avanti International 
822 Bay Star Boulevard 
Webster, TX 77598 
Phone: 281-486-5600 
Em ail: frank.aguilar@avantigrout.com 
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2 TEST FACILITY 

The tes ting will b e perform ed in the CIGMAT Laboratories at the University of Houston, 
Houston, Texas. The CIGMAT Laboratories are located in the Central Campus of UH at 4800 
Calhoun Road (off interstate highway I-45 South toward Galveston). 

The CIGMAT laboratories and affiliated facilities are equipped with devices that can perform all 
of the grouting tests in this test plan . Molds are availab le to prepare the  specimens for testing, 
and all the grout and grouted sand test procedures are docum ented in standard operating 
procedures. 
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3 EXPERIMENTAL DESIGN 

The ETV testing program  for grouting materi als will evaluate the perform ance and 
characteristics of grouts in three different testing phases: 

•	 The properties of the (1) grout and (2) grout ed sand will be tes ted by utilizing  test 
specimens created by the TO; and 

•	 Model test, where grout is applied to laboratory-simulated leaking lateral pipe joints, will 
be conducted to test for leak control. 

Testing details are provided in the following sections.  

3.1 Grout and Grouted Sand Evaluation 

Properties of the neat resin (unsolidified grout),  grout, and grouted sand specimen samples to be 
tested can be grouped as: 

•	 Working properties (resin/grout mix); 
•	 Physical and mechanical properties (grout and grouted sand specimens); 
•	 Durability properties (grouted sand specimens); and 
•	 Leachability (grout specimens). 

The properties to be tested are summarized in Tables 3-1 and 3-2 for grout and grouted sand.  

The physical property evaluation tests cons ist of m aking grout/grouted sand specim ens, 
subjecting the specim ens to a particular test, an d measuring the resu lts. For tests w here testing 
procedures have been developed by the Am erican Society of Testing and Materials (ASTM), the 
ASTM test procedur e will be u sed. W here no ASTM test proc edures exis t, CI GMAT has 
developed their  own tes ting protocols, and these protocols will b e used. Where applicable, the 
ASTM and CIGMAT testing procedures are re ferenced in the f ollowing sectio ns and the 
CIGMAT procedures are included in Appendix A of this protocol.  

3.1.1 Grout and Grouted Sand Specimen Preparation 

3.1.1.1 Grout Specimens 

Figure 3-1 shows the m old that wi ll be utilized  to m ake the grout test specim ens. Specimens to 
be cured under water shall be completely sub merged in a wate r ba th of  tap wa ter at room 
temperature. If the specimen floats, a small amount of force will be applied to keep it submerged. 
After solidif ication, specim ens shall be rem oved from the mold and stored in labeled, sealed 
plastic bags for identification, pr otection, and to prevent m oisture loss. The specimens shall be 
stored at room temperature.  
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Figure 3-1. Typical model used for preparing grout specimens. 
 
 
Table 3-1. Grout Tests for Lateral Repair 
 

Lateral No. 
 Properties  Tests Conditions  Test Method to be Used  Repair Specimens 

Working  
Viscosity   Room 

 temperature CIGMAT GR 6-02 X 3 

 Properties Setting (Gel) 
 Time 

 Room 
 temperature   Method defined in 3.1.2.1.2 (chem.) X 6 

      
Physical &  

 Mechanical 
 Properties 

 Unit Weight  Room 
 temperature CIGMAT GR 1-00 X 3

      
Environ. 

 Properties Leaching Water Method defined in 3.1.5.1 X 3
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Table 3-2. Grouted Sand Tests 


Test Method to be Lateral Number of  
Materials Tests Conditions Used Repair Tests 

Physical and Unit weight Cured CIGMAT GR 1-00 X 3 

Mechanical Water absorbance Room temperature CIGMAT GR 3-00 X 3 

Properties Shrinkage 23ºC ± 2ºC, 
90%±5%) Method defined in 3.1.3.3 X 3 

Permeability Water CIGMAT GR 7-02 X 3 
Compressive strength 3, 7, 28 days CIGMAT GR 2-02 X 9 

Durability 
Properties 

Wet-dry cycle Number of cycles CIGMAT GR 3-00 X 3 

Chemical Resistance pH = 2, 7,10 CIGMAT CH 2-01 X 9 

3.1.1.2 Grouted Sand Specimens 

Grouted sand specimens shall be prepared accord ing to CIGMAT GS 1- 02. The mold to be used 
to make them is shown in Figure 3-2. Each specim en shall be m ade in a separate mold and the 
amount of grout perm eated will be recorded by  m easuring the am ount of grout injected. The 
molds shall be constructed of Plex iglas™ that can be split lo ngitudinally into three equal pieces 
so that th e specimen can be rem oved after it ha s been prepared. One edge of each piece of the 
split tube sh all be coated with  silicon rubber to  form a seal when the three p ieces are clam ped 
together with hose clamps. Plexiglas  filters with nylon mesh shall be use d at the inle t and outlet 
ends. A half-inch sand filter, separated from  the specimen by nylon m esh, shall be used at the 
inlet to distribute the grout uniformly. The mold shall be filled with sand and another sand filter 
with nylon mesh shall be used in the outlet (similar to inle t). The sand shall have a particle size 
in the range of 0.3 to 7 mm, a unit weight in th e range of 100 to 120 pounds per cubic foot. Six 
specimens shall be grouted in parallel at an injection pressure of 2 psi.  

After solidif ication, specim ens shall be rem oved from the mold and stored in sealed, labeled 
plastic bags at room temperature.  
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Figure 3-2. Mold for preparing grouted sand specimens. 
 
 

 
 

 
 

 

 
  

 

 

3.1.2 Grout Curing Properties 

3.1.2.1 Viscosity 

Grout viscosity will be evaluated using the proce dures described in this section. Grout viscosity 
will be evaluated us ing a procedure outlined in CIGMAT GR 6-02. Using a cylindrical spind le-
type viscom eter (Brookfield Viscom eter with 8 speeds, LVT m odel with  four spindles or 
equivalent), the initial viscosit y and changes in viscosity duri ng the gelling pr ocess shall b e 
measured at room temperature at se lected strain ra tes (up to 180 sec -1). The specific strain rates 
at which viscosity will be measured shall be determined in advance of testing by the TO, with the 
consent of the vendor. Once the material perform s consistently at differe nt viscometer speeds, 
the test shall be complete. A minimum of three replicate tests shall be conducted.  

3.1.2.2 Setting (Gel) Time 

Grout setting or ge l time will be evaluated us ing the procedures descri bed in this section. The 
setting time of the grouted sand will not be evaluated.  
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No ASTM standard m ethod is cu rrently available to determine the gel tim e for acrylic-based 
grouts. Hence it shall be determined by the elapsed time from grout preparation until the grout no 
longer flows from  a plastic cup or beaker inclined slowly  (so that if the cup/ beaker were filled 
with liquid, the surface of the liquid would remain level) to 45º. Approximately 50 mL of freshly 
prepared grout shall be poured into a container.  At periodic intervals, based on the observed 
setting of grout, the container shall be slowly tipped to approximately 45 degrees, and the analyst 
shall determine if the g rout exhibits liquid flow propertie s or if the grout sample has gelled and 
the specimen can no longer flow from the container.  A total of six repli cates of each grout shall 
be analyzed. 

3.1.3 Physical and Mechanical Properties 

To obtain initial ch aracterization infor mation on the grout and grouted sand specim ens, all 
specimens shall be weighed to 0.1 g using a calib rated digital balance and m easured (diameter 
and height) using a venire caliper  with a least count of 0.1 mm. M easurements shall be taken at 
the top, m iddle, and bottom of the specim en, with two m easurements taken at 90 degrees from 
each other at each location to obtain consistent data. 

3.1.3.1 Unit Weight (Density) 

Solidified grout and grouted sand specim ens shall be used to determine the unit weight (density) 
of the grout. The determ ination shall be com pleted per CIGMAT GR 1-00 for both grout and 
grouted sand specim ens. Unit weight shall be calculated using the weight and volum e of the 
specimens. A m inimum of three replicates will be evaluated for unit w eight. Based on the unit 
weight, the grout shall be reported as lighter or heavier than water. 

3.1.3.2 Water Absorption 

Water abso rption ch aracteristics sh all be  evalu ated f or grou ted sand  sp ecimens as outlin ed in 
standard procedure CIGMAT 3- 00. A m inimum of three grouted sand specim ens shall be 
immersed in tap water  (in itial pH in the  rang e of 7 to 8) and change s in weight and volum e 
(determined by m easuring specimen diameter and he ight) of the specim ens shall be recorded  a 
minimum of once every working day (Monday th rough F riday, excluding holidays) until the 
changes in weight and volum e become negligible (less than 0.5 percent of the previous weight 
and volume), or for one week, whichever occurs firs t. The report for this testing shall include the 
time of i mmersion, the initial characteristics of the specimens, the weight and volum e change 
with time, water absorption as a percentage of the initial weight, and volume of grout.  
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3.1.3.3 Shrinkage 

The grouted  sand specim ens shall be placed in zi p lock bags and kept at room  tem perature. 
Humidity will be m easured using a digital hum idity meter. At the onset of  the test, specim ens 
shall be prepared in a mold with inner dim ensions of 1.5 in. (38 mm ) in diameter and 3.5 in. (90 
mm) in length.  A minimum of three specimens shall be tested under the se lected test conditions. 
The weight and dim ensions of the specim ens sh all be reported before and after 28 days of 
conditioning. For this testing, the specimens will be under the conditions shown in Table 3-3. 

Table 3-3. Shrinkage Test Conditions 
 

 Parts  Temperature, Duration, and storage condition 
Part C 23ºC ± 2ºC for 28 days in zip lock bags (RH = 90%±5%)  


3.1.3.4 Permeability 

Solidified grouted sand specimens shall be used to determine their permeability. Specimens shall 
be prep ared in 1.5 -in. diam eter Plexiglas/gl ass cylinders and perm eated with water under a 
hydraulic gradient of 100, per C IGMAT GR 7- 02. Testing shall be com pleted at room 
temperature. A minimum of three replicate tests shall be run on the grouted sand specim ens. The 
report for this testing shall include the temperature and humidity at which testing was completed, 
any changes in the specimens during the testing, and the permeability obtained during the testing. 

3.1.3.5 Unconfined Compressive Strength and Stress/Strain Relationship  

CIGMAT GR 2-02 has been developed for test ing grouts and grouted sand specim ens in 
compression under m onotonically increasing load (load increasing linearl y). Compression tests 
shall be perf ormed using screw-type m achines with capacities up to 5,000 lbs. Specim ens shall 
be loaded at specified rates based on the type  of grouted sand, and the loading rate m ay be 
determined based on trial tests conducted outsid e of the ET V test. Grouted sand specim ens 1.5 
in. (38 mm ) in diam eter and 2.6 to 3.5 in. (65 to 90 mm ) in leng th shall be tested. Specim ens 
shall be tested in triplicate at 3, 7 and 28 da ys following specimen preparation. The reported data 
shall include compressive strength, modulus and failure strain, where the m odulus is determined 
from the initial slop e of  the stress /strain re lationship and the f ailure stra in is th e m aximum 
loading point before the specimen fails.  
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3.1.4 Durability Properties  

3.1.4.1 Wet/Dry Cycle 

During its service life, the grout or grouted sa nd could be subjected to a num ber of wet/dry 
cycles. This  tes t is des igned to d etermine th e im pact of repeated wetting and drying on the 
performance of grouted sand. A minimum of three replicate specimens shall be used for this test. 
The specimens shall be subjected to 10 wet/dry cycl es for a total test tim e of 140 days, or until 
failure (unconsolidation). One wet/dry cycle shall be 14 days in du ration, consisting of 7 days of 
water exposure followed by 7 days  of dry conditions at room  temperature. The water exposures 
shall be completed as described in Section 11 of CIGMAT GR 3-00, using tap water having a pH 
between 7 and 8. Changes in length, diam eter, weight, and volum e of the specim ens shall be 
measured daily per Sections 9 and 11 of CIGM AT GR 3-00. At the end of the 10 we t/dry cycles, 
specimens shall be tested to determ ine the compressive strengths of the grouted sand, as 
described in section 3.1.3.5. The reported data sha ll include weight and dimension data collected 
for the specimens, as well as the data to be reported described in section 3.1.3.5. 

3.1.4.2 Chemical Resistance 

This test will evalu ate the resis tance of grouted sands when exposed to chem ical condition s 
representing various sand and gr oundwater environm ents. The te st results will help when 
selecting su itable g routs f or use  in  var ious ch emical environm ents. Cylindrical grouted sand 
specimens shall be prepared as described in Section 3.1.1.2, and the initial weight, dim ensions, 
color, and s urface appearance of  the specimens shall be record ed. Three specim ens at each  pH 
shall be fully immersed in solutions with pH 2, 7, and 10, maintained at room temperature for the 
entire exposure period. The solutions shall consist of tap water with hydrochloric acid or sodium 
hydroxide added to achieve the pH required for the tests. The weight, volume, color, and surface 
appearance of the specim ens shall be determ ined and reco rded for three specim ens at each p H 
after 30, 90, and 180 days, as described in Se ction 7.3 in CIGMAT CH 2-01. The pH, clarity, 
and color of the exposure solution shall also b e recorded at each evaluation tim e. During the 
evaluation, if the pH ch anges by  more than ± 2 units, addition al hydrochloric acid or sodium 
hydroxide shall be added to the solution to return it to its original pH. Th e analyst shall note in 
the project logbook the quantity of chem ical and revised pH during each adjustm ent. After each 
evaluation, compression testing shall be completed for the specimens in accordance with Section 
7.4 of CIGMAT CH 2-01. All data and observa tions shall be reported, along with the 
calculations described in sec tions 8.1, 8.3, and 8.4 of CIGMAT CH 2-01. The appearance of 
specimens and immersion solutions shall be re ported as described in sections 9.2 and 9.3 of 
CIGMAT CH 2-01. 

3.1.5 Environmental Properties—Leaching Test 

Potential co ntaminant leaching fro m solidified  grout shall be determ ined by analyzing water 
exposed to the grout for total organic carbon (T OC). A m inimum of thr ee test replicates, using 
cylindrical grout specimens, will be prepared as described in Section 3.1.1.1. The specimens will 
be immersed in three individual exposure jars, each containing tap water (pH = 8 ± 0.5; TOC < 1 
mg/L). One blank container containing only the exposure water shal l be prepared and held under 
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the same conditions as the specim en exposure jars. The exposure jars and blank jar will be h eld 
at room temperature for seven days.  

The test shall be conducted with  three grout specim ens and water volum e so that there is an 
adequate volume of exposure wa ter to conduct the required analys es. A liquid-to-solid ratio of 
1:1 (by volume) will be used. 

At the beginning and end of the exposure period, samples of the exposure water will be analyzed 
to determine the presence of organic compounds (in the form of TOC) that have leached from the 
grout. The samples will be analyzed for TOC. 

The water in the blank container shall be sa mpled at the beginning a nd end of the exposure 
period, and analyzed for the sam e constituents as the grou t specimen exposure water. This will 
provide a baseline concentration of constituents in the tap water.  

Details of the analytical m ethods, required sample volumes, and sample holding are provided in 
Section 4. 

3.2 Model Test 

Since water leaks can occur under different conditions, four model tests are available to represent 
different field situations. Avanti has selected Model Test 3 for Leak Control at a Lateral Joint for 
this verification. 

3.2.1 Model Test 3: Leak Control at a Lateral Joint 

In orde r to sim ulate a leaking late ral jo int, this  m odel test (Figure 3-3) uses an 8-in. (20-cm ) 
diameter main pip e with a 4-in.  (1 0-cm) diamet er la teral pipe. Both pi pes a re enclosed in a 
cylindrical steel chamber 22.5 in. (57 cm ) in diameter and 34 in. (86 cm ) long, filled with sand. 
Both ends of the cham ber have a circular opening 8.5 in. (22 cm ) in diameter for the m ain pipe, 
and the top of the chamber has a circular open ing for the lateral, allowin g access to the leaking 
joint from the main pipe and the lateral. Valves on the outside of the test chamber enable the TO 
to saturate the sand and bleed air from the system and to apply wa ter under pressure to evaluate 
the effectiveness of the grout application. 

Procedure for preparing a lateral joint for Model Test 3: 

•	 The chamber is p laced vertically an d the bo ttom end sealed using a rubber gasket with 
part of the pipe in place. 

•	 The chamber is filled approxi mately halfway by freely dropping and lightly com pacting 
sand. The lateral pipe is then inserted in the main pipe and the rest of the cham ber shall 
be filled with sand. 

•	 Once the cham ber is filled with sand, the to p cover is placed on the cham ber with a 
rubber gasket to make the end watertight. 

•	 The chamber remains in the vertical position for the test. A calibration curve of joint leak 
rate versus pressure shall be developed. 
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•	 The vendor will g rout the join t per vendor in structions. The grouted  joint is  then tested 
for performance as detailed in Section 3.2.2. 

3.2.2 Model Test Procedures 

The testing procedure will be condu cted in duplicat e. Prior to grouting,  each join t to be tested 
shall be calibrated in order to  develop a characteristic leak rate versus hydraulic pressure 
relationship. The grout shall be applied to  w et sand by Avanti. CIGMAT personnel shall 
supervise the grouting pro cedures and pictures sh all be ta ken of  the joint prio r to and af ter 
grouting. T he tim e elapsed and volum e of gr out used during the grou ting pro cess sh all b e 
recorded. The time period followin g the application of the grout befo re testing is in itiated shall 
be determined from the m anufacturer's recommendations. During the grouti ng of  the jo ints, a t 
least ten grout samples shall be collected to test the setting time (Section 3.1.2.2) and unit weight 
(Section 3.1.3.1), of the grout. These analyses are in addition to those specified in Section 3.1. 

Once the grouted joint(s) have cured per the m anufacturer’s instructions, they shall be subjected 
to the following regimen: 

1.		 Apply hydrostatic pressure of 3 psi and hold for 5 m inutes; then m easure the leak rate 
using a graduated cylinder and a stopwatch. 

2.		 Repeat Step 1 at a hydrostatic pressure of 4 psi. 
3.		 Repeat Step 1 at a hydrostatic pressure of 5 psi. 
4.		 Maintain sa turated con ditions f or a period of  one week. For Model Test 3, f ill the 

chamber with water with no hydrostatic pressure.  
5.		 Drain all water from the test chambers and allow them to stand for one week.  
6.		 Fill the chambers with water and repeat Step 4. 
7.		 Repeat Step 5. 
8.		 Determine leak rates as described in steps 1 through 3. 
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Figure 3-3. Model configuration for testing leak control at a lateral (Model Test 3). 
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SAMPLING AND ANALYTICAL PROCEDURES 

Verification of grouts under ETV prim arily consis ts of physical tests perform ed on prepared 
specimens as described in Chapter 3, “Experim ental Design.” The outlined procedures identif y 
the sampling locations and frequency required for each test. 

Further sample preparation and analysis is required only for the leach ing test, which is outlined 
in Section 3.1.5. Exposure water sam ples will be  collected and an alyzed, at a m inimum, fo r 
TOC. The exposure w ater sam ples shall be repr esentative grab samples collected from  the 
exposure jar. 

The sample handling, analysis and reporting shall be as outlined in Table 4-1. 

Table 4-1. Handling Methods and Analyses for Collected Samples 
 

Preservation, Reporting 
1 Analysis Method  Bottle Type and Size   Holding Time Detection Limit 

     
TOC SM 5310 Glass, two 40-mL Cool to 4ºC, pH<2 1 mg/L 

(B or C)  bottles HNO3, six months 
 

 

 1 Standard Methods for the Examination of Water and Wastewater, 20th Edition. 

Samples shall be delivered to the analytical la boratory following appropriate chain of custody 
procedures, including use of chain of  custody forms. Samples shall be logged in and refrigerated 
by the laboratory, as described in Table 4-1. 

Table 4-2 describes the specific QC checks required  for the analytical m ethods for TOC used in 
this project. These checks shall determine when corrective action is needed. 

Table 4-2. Scheduled Instrument QC Checks and Corrective Actions for Analytical 
 Methods 

 
 QC Procedure Frequency  Acceptance Criteria  Corrective Action 

Calibration curve  Every batch ±10% of known sample Find cause, repair, rerun before 
 sample analysis 

Analyze blank  Every batch Not to exceed detection Find cause, repair, rerun before 
 (deionized water) level.  sample analysis 

Analyze standard   Every batch ±10% of known sample Find cause, repair, rerun before 
 sample analysis 

Matrix spike  Every batch 80–120% recovery of spike Find cause, r epair, rerun previous 
 samples 

 

4 
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5 TEST/QUALITY ASSURANCE T PLAN (T/QAP) 

The T/QAP, which is part of the test plan, specif ies procedures that shall be used to ensure data 
quality and integ rity arising from the tes ting. Careful adherence to these  procedures will ensu re 
that the data generated from the testing will provide sound analytical results that will indicate the 
true performance of the grout, and form the basis for the report on the testing. 

5.1 Quality Assurance Responsibilities 

The TO, in preparing the test pl an, shall be responsible for ensu ring that the test plan and the 
QAPP properly implement the requirements of this test plan. The VO is responsible for review of 
the test plan to assure that all elements required by this test plan are properly addressed.   

During testing, the TO shall be responsible for a ssuring that the elem ents contained in the test 
plan are complied with. Written or electronic records shall be maintained for calibrations, sample 
collection, and data m anipulation. In grout testing, sources of error may include instrumentation 
drift or m iscalibration; variation s in the  grou t, sand, and/or substrate;  sy stematic bias of 
measurements; and /or intr insically inac curate ins truments. The quality  of  ref erence 
measurements is ensured by frequent ins trumentation calib ration in accordan ce with th e 
manufacturer’s instructions. The TO shall maintain documentation of instrument calibration.  

5.2 Data Quality Indicators 

The data obtained during verification testing must be sound for accurate conclusions to be 
drawn. For all m easurement and monitoring activ ities conducted for grout verification, the VO 
and EPA require that the data quality parameters be established based on the proposed end-users 
of the da ta. Data qua lity parameters include four indicators of  data qua lity: representativeness, 
completeness, precision, and accuracy. 

5.2.1 Representativeness 

Representativeness refers to th e degree to which data accurate ly and  precisely reflect th e 
conditions or characteristics of the parameters and will be ensured by consisten t data acquisition 
and sam ple collection (including sam ple number ing, tim ing of sa mple collection, sa mpling 
procedures, sample preservation, sample packaging, and sample shipping). Using each method at 
its optimal capability to provide the most accurate and precise m easurements possible will als o 
ensure representativeness. Representativeness also implies collecting sufficient data during each 
operation to be able to detect changes in ope ration. The following actions will be taken to 
achieve this: 

Test Materials: 
 

• 	 Test Sand: The test sand batch shall be rejected if the particle-size distribution of the  
sand exceeds ±20% of the mean particle-size distribution value. 

• 	 Test Concrete: The test concrete batch shall be rejected if the unit weight and/or water 
absorption properties exceed ±20% of the mean values.  
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Laboratory Conditions: 

•	 Temperature and Humidity: For those tests where temperature and humidity 
requirements are specified, temperature and humidity readings shall be recorded daily to 
ensure that laboratory conditions have not changed. 

Equipment: 

•	 Proper operation: This shall be verified every morning of active testing. 

5.2.2 Completeness 

Completeness refers to the am ount of data coll ected from a m easurement process com pared to 
the expected amount to be obtained. For this ETV test plan, completeness refers to the proportion 
of valid, acceptab le data generated  using each method. The com pleteness objective for data 
generated following this test plan is 85%, as calculated by Equation 5-1. 

        
n⎛ valid and acceptable ⎞Completeness = ⎜⎜	 ⎟⎟ × 100 (5-1)

n⎝ total ⎠ 

5.2.3 Precision 

Precision refers to the degree of mutual agreement among individual measurements and provides 
an estim ate of random  error. An alytical precision is a m easurement of how far an individual 
measurement may deviate from a mean of repli cate measurements. Precision is ev aluated from 
analysis of field and laboratory duplicates and spiked duplicates. Duplicates will be collected at a 
frequency of one duplicate for every ten sam ples collected for the laboratory analys es discussed 
in Chapter 4. The labo ratory will r un duplica te samples as part of its QA program. The data 
quality objective for precision is based on the type of analysis performed. 

The stand ard devia tion (SD), r elative stand ard deviation (RSD), and/ or relative percent 
difference (RPD) recorded from sample analyses are ways to quantify precision. SD is calculated 
by: 

 
i −∑ (x x)2 

Standard Deviation = (5-2)
n − 1

Where: 
 

x = sample mean 
xi = ith data point  
n = number of data points 
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Relative percent difference (RPD) is calculated by: 

⎛ ⎞C C1 − 2RPD = ⎜⎜ ⎟⎟ × 100%  (5-3)
C⎝ ⎠ 

W here: 
 

C1  =  Concentration of the compound or element in the sample 
C2  =  Concentration of the compound or element in the duplicate  

C   =  Arithmetic mean of the sample and the duplicate 

As specified in Standard Methods  (Method 1030-C), precision is  specified by the standard 
deviation of the results of replicate analyses. For the various tests to be conducted by CIGMAT 
at its testing facility, precision will be measured by performing duplicate tests and evaluating the 
resultant data by calculating the SD, RSD, and RPD. Ta bles 3-1, 3-2 and 4-1 provide the 
required number of duplicate tests for the various testing methods. 

In situation s where th e tes ting procedures  sp ecify precision objective s (such as ASTM or 
Standard Methods), the specific precision objectives must be achieved in order f or the test to be 
considered valid. For o ther s ituations where sp ecific precis ion objectives are not required, the 
precision values shall be reported in the verification report. 

5.2.4 Accuracy 

For measurements that will be reco rded as part of this study, accuracy refers to the difference 
between the m easured reading and an establish ed reference. In order to report accuracy, the 
instruments used during testing shall be calibrate d as required by the analytical m ethod, and the 
calibration records, which are m aintained as a ha rd copy m aintained in the laboratory, shall be 
made available.  

Spiking a sam ple m atrix with a known am ount of a con stituent and  m easuring the recov ery 
obtained in the analysis is a m ethod of dete rmining accuracy. Using laboratory perform ance 
samples with a known concentratio n in a specific m atrix can also m onitor the accuracy of an 
analytical method for m easuring a constituent in a given matrix.  Accuracy is  usually expressed 
as the percent recovery of a com pound from a sample. The following equation will be used to 
calculate percent recovery: 

Percent Recovery = [(AT – Ai ) / As ] x 100 (5-4) 

Where: 

AT = Total amount measured in the spiked sample 


Ai  = Amount measured in the un-spiked sample 

As  = Spiked amount added to the sample 
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During ver ification testing, the labo ratory will run matrix spike samples at a f requency of  one 
spiked sample for every 10 sam ples analyzed. The labor atory will a lso analyze liquid and solid 
samples of known concentration as lab control samples. 

5.2.5 Measurements 

Leaks in the model tests will be measured accurate to ± 2 mL. The weight and dim ension during 
the grout a nd grouted sand tests will be m easured to a n accuracy of 0.1 g and 0.01 mm, 
respectively. The unit weight and strength will be measured to an accuracy of 0.5 lb/ft3 and 2 psi, 
respectively. 

5.2.6 Analytical Quality Control 

The quality control procedures for blanks, spikes, duplicates, calibration of equipment, standards, 
reference ch eck sam ples and other quality cont rol m easurements will f ollow the guidance of 
EPA methods and CIGMAT SOPs. Table 5-1 s hows the quality control lim its that will be used 
by the laboratory for th ese analyses  to ensu re compliance with the  data quality in dicators f or 
accuracy and precision. Field and laboratory duplicate analyses will be performed at a frequency 
of one duplicate per ten sam ples collected. Samples will be spiked for accuracy determ ination at 
a frequency of one per ten sam ples analyzed by the labo ratory. Accuracy and p recision will b e 
calculated for all data using the equations presented in sections 5.2.2 and 5.2.3. 
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 Table 5-1. Summary of Analytical Accuracy and Precision Limits 
 

Accuracy Precision  
Analysis (% recovery) (RPD) 

TOC 80–120 0–20 
 
Note: If a dditional anal ytical param eters are adde d t o t he t esting pr ocedures, acc uracy 

 and precision limits shall be specified in the test plan. 

RPD: Relative percent difference.  







   
 

 
 

 
 

 

 
 

 

 

 

 
 

 

 
  

 

 

6 DATA REPORTING, DATA REDUCTION, AND DATA VALIDATION 

The TO (CIGMAT) is responsible for m anaging all the data and inform ation generated during 
the testing program. To maintain quality data, sp ecific procedures shall be followed during data 
reporting, reduction, and validation. These procedures are discussed below. 

6.1 Data Documentation 

All field and laboratory activit ies shall be thoroughly docum ented by the use of field logbooks, 
project approval/chain of custody sheets, laboratory notebooks and bench sheets, and instrument 
records. 

A field logbook shall be maintained at the test facility. Daily activity entries shall be made in the 
logbook docum enting operating conditions, o bservations, and m aintenance activities, if any. 
Each sample collected shall be noted in the logbook and any other pertinent information shall be 
recorded. Completed pages in the logbook shall be signed and dated.  

Original project approval and ch ain of custody form s shall accom pany all sam ples sent to the 
analytical laboratory and will be maintained by the TO. The laboratory shall produce a final data 
report that includes all chem ical test resu lts, physical m easurements, QA/QC data for blanks, 
accuracy (recovery),  precision  (percent differen ce), and  lab  contro l o r m atrix check sam ples. 
Any deviation from standard protocol shall be discussed in a narrative and any data that does not 
meet the Q A/QC requirem ents shall be flagged. A narrative shall be pr epared dis cussing the 
findings of any corrective action. 

The laboratory shall m aintain all logbooks, benc h sheets, instrum ent pr intouts, and sim ilar 
materials. T he TO shall m ake these record s available for inspection by the VO or EPA upon 
request. 

6.2 Data Reduction 

Data reduction refers to the proces s of converting raw test results into useful data for selecting 
grout material for wastewater sy stem maintenance and concrete repair. Data sh all be obtained 
from logbooks, data sheets, and computer outputs. While reduced data will be officially reported 
to the VO u pon completion of each ev aluation, all raw data shall al so be made available to the 
VO for the QA review of the project and for record keeping. 

6.3 Data Validation 

The person performing each test shall verify the completeness of the appropriate data forms. The 
TO Director shall review laboratory logbooks a nd data sheets on a regular basis to verify 
completeness. The TO technica l sta ff shall reg ularly inspe ct tes ting e quipment and keep it in 
working order. 
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6.4 Verification Report 

All the data  collec ted during the te sting shall be reported as indicated in Chapter 3, processed 
and analyzed as ou tlined in Chapter  5, and sum marized in a  verification report and verification 
statement following ETV Water Quality Protection Center guidelines.  

The verification report shall thoroughly present and discuss the findings of the verification test. It 
shall contain all raw and analyzed data, all QA/QC data sheets, a description of all types of data 
collected, a detailed description of the testing procedure and methods, results and QA/QC results. 
The verif ication s tatement sha ll p resent a  cond ensed sum mary of the testing procedure and 
findings. It is expected that the verification report will contain the following main sections.  

• Verification Statement 
• Notice 
• Forward 
• Contents 
• Abbreviations and Acronyms 
• Introduction and Background 
• Testing Procedures and Methods 
• Testing Results 
• Quality Assurance/Quality Control Summary 
• Glossary 
• References 
• Appendices 

o Raw Data and Testing Logs 
o Laboratory Standard Operating Procedures 
o Test Plan 
o O&M Manual 
o Vendor Data Sheet 
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7 ASSESSMENTS 

7.1 Audit Reports 

The TO Di rector or designee shall perform  at least one QA inspection of the test facility 
laboratories during the evaluation of a grout and shall docum ent any and all findings in an audit 
report, whic h will b e su bmitted to the EPA Pr oject Of ficer, EPA Program  Quality Assuranc e 
Manager, and VO Progr am Manager for review. The VO Program  Manager, Manager, QA and 
Safety, or other VO designee sha ll also conduct a technical sy stem audit and a perform ance 
evaluation audit of m easurement systems used in tes ting at l east once during the verification 
testing period for a given technology. 

7.2  Corrective Action Plan 
 
Corrective actions will be taken whenever: 
 

•	  There is a non-conformance with sample preparation procedures; 
•	  An analyst observes abnormal conditions in sample preparation, measurements or storage 

conditions; 
•	  The QA/QC data indicates any analysis is out of the established control limits; 
•  Audit findings indicate a problem has occurred; or 

Data reporting or calculations are determined to be incorrect.  

All corrective actions will be repor ted to the VO representatives.  The VO will review the caus e 
of the problem and the corrective action taken by the TO. The review will include consideration 
of the impact of the problem  on the integrity of th e test, and a dete rmination will be made if the 
test can  co ntinue or if  additiona l action  is needed. Additional action could include adding 
additional days to the test period, re-starting th e test at day one, or ot her appropriate action as 
determined by the VO. The VO w ill respond to any notification of corre ctive action within 
twenty-four hours of being notified of the problem. This response can be to continue the testing, 
cease testing until further notice, or other appropriate communication regarding the problem. The 
response by the VO will be in writing by email, fax, or letter. 
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8 SAFETY CONSIDERATIONS 

Grouting the joints for the m odel tests shall be done at the covered te st facility at the University 
of Houston, which has adequate ventilation. Gr out and grouted sand specim ens for t esting shall 
also be prepared in CIG MAT laboratories. The research personnel and technicians on-site will 
take all necessary precautions to ensure safety and compliance with local and federal regulations. 

CIGMAT m aintains a  health and  saf ety pla n, which shall be m ade available to personnel 
involved in this project. Adherence to the health  and safety plan shall be ensured throughout the 
duration of the project. 
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APPENDIX A 

CIGMAT Test Methods 

CIGMAT CH 2-01 

CIGMAT CT 3-00 

CIGMAT GR 1-00 

CIGMAT GR 2-02 

CIGMAT GR 3-00 

CIGMAT GR 4-00 

CIGMAT GR 5-00 

CIGMAT GR 6-02 

CIGMAT GR 7-02 

CIGMAT GS 1-02 

CIGMAT PC 2-99 


(Questions about CIGMAT procedures may be directed to CIGMAT at the University of 
Houston) 
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APPENDIX B
	

Vendor Data Sheet 
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 GROUT VENDOR DATA SHEET 

Grout Product Name:      AV-118 Duriflex     
 
Grout Product Manufacturer Name and Address:      Avanti International
 

    822 Bay Star Blvd., Webster, TX 77598      
 
Grout Type:      Acrylic Chemical Grout –AV-118 Duriflex    
 
Chemical Formula:     Confidential Business Information    

    

    

   

   

   
 
 
 

  

 

                  

                     
 

          

              

                  
 

  

 
  

 

 

TESTING METHOD MANUFACTURER’S RESULTS 

Type of Resin, Initiator and/or Promotor Acrylic Gel + Cat-T (Initiator) + Sodium Persulfate 
(Oxidizer) + AV-105 + AV-257 

Grout Mix (by weigh or volume) 25% by volume 

Resin Viscosity (ASTM ) 1.2 cps of grout mix 

Flash Point (ASTM D 93/ ) > 200 degrees F 
Tensile Adhesion to Concrete and Clay Brick 
(ASTM ) N/A 

Chemical Resistance (ASTM        ) 
(NaOH, 3% H2SO4 or others) 

NaOH = Good; H2SO4 = Poor; 
avantigrout.com/118tech.html 

Volatile Organic Compounds – VOCs 
(ASTM ) None 

WORKER SAFETY RESULT/REQUIREMENT 

Flammability Rating Not determined 

Known Carcinogenic Content Listed as potential carcinogen 

Other Hazards (Corrosive) None 

MSDS Sheet Availability Online, email, regular mail 

ENVIRONMENTAL CHARACTERISTICS RESULT/REQUIREMENT 

Heavy Metal Content (w/w) None 

Leaching from Cured Grouts None 

Disposal of Cured Grouts 
Non-toxic, inert, irreversible. In accordance with 
local, state and federal regulations. Usually may be 
thrown away. 
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DATA SHEET ON PROPERTIES OF GROUT (Continued) 


APPLICATION CHARACTERISTICS RESULT/REQUIREMENTS 

Minimum Application Temperature None 

Maximum Application Temperature Not determined 

Minimum Cure Time before Immersion into Service N/A 

Type of Preparation Before Grouting See mixing instructions 

Grouting Pressure < 50 psi 

VENDOR EXPERIENCE COMMENTS 

Length of Time the Grout in Use 20 years 

Applicator Training and Qualification Program Avanti’s Safe Operating Practices Program 

QA/QC Program for Grouts in the Field See attached mixing instructions. Working on 
developing a grout-content field test.  

ADDITIONAL COMMENTS (Including Case Studies on Performance) 

(1) 38-ft. Lateral Sealing in Wisconsin Provides Opportunity for Innovation 

(2) Toronto Successfully Using Acrylamide Grout to Stop Tunnel Leaks 

(3) Lateral Packers and Grout Close in on Infiltration 
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